Open long bone fracture is commonly encountered in tertiary level orthopaedic trauma care.
introduction
Open long bone fracture is commonly encountered in tertiary level orthopaedic trauma care. [1] Infection is a common complication of open fractures. Chronic osteomyelitis, non-union, loss of function or even limb loss are some serious complications of deep surgical site infections. Further, it contributes to increase in healthcare costs and decrease in the quality of life. [2] Primary goal in management of open fractures, in addition to achieving union, is prevention of infection by early debridement, irrigation of wound and administration of broad-spectrum antibiotics with stabilisation of fracture. [3] However, deep surgical site infection is common, and clinicians make treatment decisions based on signs and symptoms, laboratory and imaging workup and bacteriological culture results. The standard of care for treating infections which complicate open fractures involves accurately identifying the infecting microorganism and providing adequate antibiotic therapy based on culture and sensitivity. This is supplemented with additional surgical procedures as necessary. However, negative culture results are frequently encountered even when there are clinical signs of infection. Negative bacteriological culture results are challenging to the clinician, as they may be false-negative and empirical treatment of the same may result in inadequate resolution of infection and development of resistant microorganisms. [4] The reported incidence of culture-negative infections in orthopaedic trauma is 9%, but its incidence in open fractures and its outcome has not been described in the literature. [4] We aimed to identify the rate of culture-negative infections in open long bone fractures of the lower limb and study its outcome. We hypothesised that culture-negative patients with clinical signs of infection have a better outcome than culture-positive patients. 
Inclusion criteria
All adult patients with open type III fractures of the femur, tibia or fibula were included in the study. Patients in whom index surgical procedure was done elsewhere and patients with unsalvageable limbs requiring urgent amputation were excluded from the study.
Treatment protocol
A standard emergency room protocol was followed for open fractures for all included study patients. This included wound wash (5 L normal saline) after appropriate analgesia, temporary stabilisation with splints and prophylactic antibiotics followed by radiographic assessment. The standard prophylactic antibiotic regimen followed was crystalline penicillin for clostridial infection, cloxacillin for Gram-positive and gentamicin or ciprofloxacin for Gram-negative organisms as per the East Practice Management Guidelines 2011. [5] All patients were also given tetanus prophylaxis when previous immunisation status was uncertain. Primary surgical care was provided as early as possible and the open injury was thoroughly debrided as per standard principles. After debridement, the method of fracture stabilisation and soft-tissue cover was decided by the operating surgeon based on the injury. Further surgical procedures were carried out as indicated.
The patients were regularly monitored for signs of surgical site infection; both during hospital stay and at outpatient follow-up, based on the CDC criteria. [6] Clinical signs of infection necessitated operative intervention during which deep intraoperative tissue/pus swab was sent to isolate the infecting micro-organism. Patients with clinical signs of infection, but negative deep intra-operative cultures were termed as culture-negative open fractures.
Culture technique
Tissue samples/pus swab from the infected site were sent immediately to the microbiology laboratory and processed as per the standard protocol. In case of pus swab, a minimum of two swabs were required in a sterile glass tube. One was used to obtain smear by Gram staining and second was used for inoculation on both aerobic and anaerobic media. For aerobic culture, bacterial inoculation was done on blood agar and MacConkey agar and the plates were incubated at 37°C overnight and anaerobic cultures were done with blood agar, thioglycollate and Robertson cooked meat broth incubated under anaerobic condition. [7] Tissue received in a sterile test tube was homogenised in a mortar and pestle with sterile normal saline. Both microscopy and culture plating were done as for pus swab. Cultures were followed up and growth of the organism was identified using preliminary biochemical screening media. Antibiotic susceptibility profile of the isolate was done by Kirby-Bauer disc diffusion method/E-test and susceptibility results were reported based on the Clinical and Laboratory Standards Institute interpretation. [8] Antibiotic susceptibility profile guided antimicrobial therapy in culture-positive patients, whereas culture-negative patients were treated for clinical signs of infection with broad-spectrum antibiotic therapy.
Data collection
Data were obtained prospectively from all study patients and entered in a pro forma which included demographic data, medical comorbidities, American Society of Anesthesiologists grade and mechanism of injury. Injury details collected included site of injury, Gustilo and Anderson grade, Injury Severity Score, time from injury to receiving prophylactic antibiotics and time from injury to index surgical procedure. Clinical outcomes measured included length of hospital stay, number of additional surgeries and occurrence of complications, namely, non-union and failure of limb salvage necessitating amputation after the index procedure. All patients were followed up for 9 months.
Statistical analysis
Quantitative variables were presented as mean and categorical variables by absolute (n) and relative (%) frequencies. The independent two-sample t-test was used to compare the outcome between culture-negative and culture-positive infected open fractures. P < 0.05 was considered statistically significant.
results

Demographic data
A total of 231 patients with 275 open fractures involving the femur, tibia and/or fibula were included in our study. Included study patients were predominantly male (201 patients, 87%) and the mean age of our study group was 40 years (range: 17-77) [ Table 1 ]. Road traffic accidents were found to be the most common cause of injury (219 patients, 95%). Forty-three patients (18.6%) had open type III fracture involving more than one long bone of the lower limb and tibia was most commonly involved bone (64%). Majority of them had Gustilo and Anderson Grade IIIB injury (65%). The average time from injury to receiving prophylactic antibiotics was 11.6 h (range: 1.4-122.5). The average time to index surgical procedure from injury was 21.9 h (range: 4.2-164). The average hospital stay was 15.7 days (range: 3-60) and 126 patients (54.5%) required additional surgical procedures following the index operation for various indications.
Infections in open fractures
There were clinical signs of infection as per the CDC criteria in 84 patients (36.4%) with 99 fractures. [6] Table 1 .
Among culture-positive isolates, forty-nine isolates were monomicrobial and 13 isolates were polymicrobial infection. Most of the infections were caused by Gram-negative bacilli (55.8%) followed by Gram-positive cocci in 34.8% patients. The distribution of microbes identified in culture with their antibiotic resistance pattern is given in Table 2 .
Comparative analysis of culture-positive versus culture-negative infections
The comparative analysis of culture-positive and culture-negative infected open fracture at 9 months is given in Table 1 . The mean duration of hospital stay was marginally higher in the culture-positive group in comparison to the culture-negative group (24.8 vs. 20.44 days, P = 0.17), but this did not reach statistical significance. The mean number of additional procedures was also higher in the culture-positive group in comparison to the culture-negative group (1.93 vs. 1.44, P = 0.09), but again, this did not reach statistical significance. Further, there was no statistical significance (P = 1.0) between the two groups for complications such as non-unions and amputations. Our hypothesis that culture-negative patients with clinical signs of infection have a better outcome than culture-positive patients could not be proven.
discussion
This is the first prospective cohort study in literature which compares the outcome between culture-negative and culture-positive infection in open fractures. Culture-negative infections in arthroplasty have been well described, but literature on culture-negative infections in orthopaedic trauma is limited to a single retrospective study not exclusively specific for open fractures. [9] The strength of our study is that we prospectively recruited patients and regularly followed them up with a fixed protocol for 9 months. Patients with clinical signs of infection often do not have positive intraoperative deep cultures. Therefore, we cannot rely on intraoperative cultures for diagnosis of deep surgical site infection. [10] Causative microorganisms were not found in 17.7% patients in our study. Failure to identify the infecting microorganism can lead to inappropriate treatment with a subsequent increase in treatment failure. [11] The exact cause for culture-negative infections is not definitely clear. They could be due to sampling error, insufficient amount of isolate in the culture, comparatively milder form of infection where the pathogen load is less compared to culture-positive samples, poor transport conditions and inappropriate diagnostic tools for fastidious organisms that are difficult to identify using routine methods. Another common cause for culture-negative infection is the prior use of antibiotics which can compromise the sensitivity of routinely used diagnostic laboratory tests. Withholding antibiotic administration before culture is important to identify the causative organism. To increase the detection rate of low-virulence microorganisms, multiple samples (minimum 3) should be taken and importantly an adequate growth time of at least 7 days should be allowed in broth culture. [11] Pus swab routinely used for collecting culture samples can only collect a small fraction of a millilitre of specimen (<100 μl), which greatly reduces the amount of bacteria that can be recovered for culture. [12] Another reason for sampling error could be use of a single swab for multiple types of cultures (aerobic, anaerobic and fungal) requiring inoculation of many different types of media which reduces yield of culture. Palmer et al. identified bacterial DNA in 88% of non-unions, while only 24% had positive intraoperative cultures. [13] Their study suggests that routine microbiology culture is not good enough for identifying all infections.
Kim et al. [14] compared the results of culture-negative and culture-positive infection in total knee arthroplasty and was unable to demonstrate any significant difference in clinical outcome between these two groups. In contrast, Choi et al. [15] compared culture-negative and culture-positive periprosthetic joint infection and found that culture-negative periprosthetic joint infections had a better clinical outcome. Culture-negative infections may predict good prognosis for the patients as the pathogen load is very less and should, therefore, be easily treatable. In contrast, culture-positive infections have an organism load of 10 3 -10 10 /μl, thereby necessitating more intensive treatment. [16] On the other hand, inability to identify the infecting microorganism and lack of its antibiotic susceptibility may lead to treatment failure. [17] We found no significant difference in the outcome of culture-positive versus culture-negative patients in our group of patients with infected open type III fractures of the lower limb. As infection in open type III fractures is a serious cause of morbidity, it is important to treat culture-negative infections aggressively when clinical signs of infection are present, especially in this era of multidrug-resistant infections. [18] The limitation of our study is that not all patients had more than one intraoperative deep tissue cultures to reduce sampling error. Further, molecular methods were not used for identification of pathogen which would have increased the yield of culture.
conclusion
Failure to identify the infective microorganism in patients with clinical signs of infection is a frequently encountered situation which has not been adequately addressed in orthopaedic trauma literature. We found the rate ofculture-negative infections to be 17.7% in open type III long bone fractures of the lower limb. This study did not find any statistical difference in the clinical outcome between culture-negative and culture-positive infections in open fractures of the lower limb. We suggest that all patients with clinical signs of infection should be treated aggressively, even in the absence of bacterial growth in deep intraoperative specimens.
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